Abstract: Three series of diacylferrocences (I) and ferrocenylidene acetophenones (II) and monoalkyl ferrocences (III) were synthesized and their electronic spectra in the visible region were studied. The bands exhibited by compounds (II) show a good correlation between their wave numbers and the Hammett s constants.
INTRODUCTION
The electronic spectra of ferrocene and its simple alkyl derivatives contain two weak bans ({e} < 100 dm 3 mol -1 cm -1 ) at 325 nm and 440 nm which have been assigned 1 to symmetry forbidden electronic transitions of the type N®Q which derive their intensity from vibrational distortion in the molecule. Although both bands contain a great deal of d-orbital character, some involvement of ring molecular orbitals in the "325 nm" transition is indicated by the particular sensitivity of this absorption to substitution in the rings.
There is general agreement, however, that the band at "440 nm" represents a relatively pure (3d-3d) transitions involving energy levels which are highly localized on the metal atom. [1] [2] [3] Also, the electronic spectra of benzoylferrocene and p-cyanobenzoylferrocene 4 exhibit two bands at 365 nm ({e}, 1350 dm 3 mol -1 cm -1 ) and 470 nm ({e}, 860 dm 3 mol -1 cm -1 ). Their origin is forbidden electronic transitions of the type N®Q. The purpose of the present article is to report and comment upon the results obtained by measurements of the electronic spectra of 1,1'-diacylated ferrocenes and ferrocenylidene acetophenones. These two series of substituted ferrocene are appropriate for this study since the substituent groups: (1) ensure that the pertinent electronic spectra will appear in the visible region; (2) in diacylated series, the substituted groups are enough from the ferrocenoyl moiety to ensure that no steric interaction occurs.
RESULTS AND DISCUSSION
The absorption spectra of a series of diacylated ferrocenes were measured in hexane and the results are shown in Table I . The absorption intensity of the shorter wavelength band of the diacylferrocenes is increased and the half-width of the absorption band is reduced in Ic and Id. According to the Franck-Condon principle, the latter is a reliable indication of diminishing vibrational coupling between the p-electron system and the residual molecular frame. 5 On the other hand, this band, origination from a (N-V) transition from a bonding orbital to an antibonding orbital is a particularly sensitivity to substitution in the rings cf. Ia and Ic. The red shift and rise of intensity of absorption for the longest wavelength absorption band of the diacylferrocences are strong indication of increasing polarization of the molecule. Table II. For a closely related series of compounds the extinction coefficient acts as a measure of the transition probability and, to some extent, of the polarization of the molecule. 6 The extinction coefficients for compounds (II) were all found to be of the same order of magnitude, thus indicating that identical transitions are occurring throughout the series. Comparing the extinction coefficients of compounds II and III show that the extinction coefficients of compounds III are 10 to 15 times less than compounds II. This can be explained as follows: A substitution on one ring of the metallocene nucleus may alter the electron density on that ring through its inductive field or resonance interaction with the ring. This change in electron density may be relayed through the ring-metal bonds to a substitutents on the metal itself or on the second ring. Such transmission of effects will reflect the nature and polarizability of the ring-metal bonds. In compounds II a resonance interaction between heteroannular groups might be transmitted by the ring-metal bonds quite efficiently leads to high extinction coefficients. It is tentatively suggested that the high extinction coefficient attributed to a strong contribution from the polar structure IV for a series of compounds II. It is tentatively suggested that the high extinction coefficient attributed to a strong contribution from the polar structure IV. Structures (IV) to (VI) probably contribute more to the excited state than to the ground state since due to conjugation the effect can be transmitted right through the substitutuent group R to the p electron of the phenyl group (V and VI) or to the oxygen of carbonyl group (IV) producing anionic resonance hybrids in which the formal charge can occupy a number of positions. The resonance structures involving the vinylferrocene moiety and carbonyl group alone are omitted, since they are common throughout the series.
In the ground state the electrons are displaced toward the substituent through an electron-attracting inductive effect, while in the excited state the substituent experiences a migration of electrons towards the ring through its resonance electron-donating property. Therefore the excitation energy should be lowered.
In the case of the electron-attracting substituent (R = CN), the resonance structures (VII to IX) can be constructed.
Here the substituent has only electron-withdrawing properties, and, consequently, the slight polarization in the ground state becomes considerably enhanced in the excited state leading to cationic resonance hybrids of canonical forms (VII-IX) in which the formal charge can occupy a number of positions, this would be expected to give as a result a high extinction coefficient for compound IIf (R = CN).
The Hammett equation has been found to correlate oxidation potentials of substituted ferrocenes. [7] [8] [9] [10] In the present investigation, the correlation between n 1 and n 2 of ferrocenylidene acetophenones with the Hammett substituent constant s is produced.
A plot of n 1 against the Hammett substitutent constant s is shown in Fig. 1a In Figs. 2c and 2d are shown plot of n 2 and n 2 against the Hammett substituent constant s after omitting the value of NH 2 . Now the correlation is fair good with linearity R = 0.968.
EXPERIMENTAL
All the melting points are uncorrected. The IR spectra were recorded on a Unicam SP-1200 spectrophotometer using the KBr Wafer technique; 1 H-NMR spectra were run on a JEOL-JNM-FX-200 spectrometer. Elemental analysis was carried out in the microanalytical laboratory of the University of Texas at Dallas using a Richardson TX 75080 instrument. The electronic absorption spectra were measured using a Varian No. 952019-04 spectrophotometer. The purity of all the synthesized compounds was checked by TLC.
Diacylferrocenes (Ia-d) were prepared by a method previously reported in the literature. 4 Compounds IIa, IIc and IIe were prepared as previously described according to Ref. 12 , and IIb, IId and IIg were prepared according to Ref. 13. They were identified via melting point and mixed melting point measurement. Compounds IIf and IIh were prepared according to the following procedure:
A mixture of p-cyanoacetophenone and/or p-amino-acetophenone (0.01 mol) and ferrocenaldehyde (Aldrich) (0.01 mol) in absolute ethanol (50 cm 3 ) was treated with aqueous sodium hydroxide (10 %, 20 cm 3 ) under vigorous stirring and cooling. The solid product that separated was filtered off and recrystallized from hexane in case of IIf and from benzene in case of IIh. The structures of compounds II, structures of compounds IIf and IIh were inferred from their IR and 1 H-NMR spectra.
IR spectra showed strong absorption bands in the region 1100-1120 cm -1 (unsubstituted ferrocene ring), 1610-1625 cm -1 (n C=C ), 1665-1670 cm -1 (n C=O ), 2200 cm -1 (n C=N ) for IIf and 3220 cm -1 for IIh. A mixture (0.01 mol) of the desired ferrocenylidene acetophenone (0.01 mol) and of the active methylene compound (benzyl cyanide or desoxybenzoin) (0.01 mol) in ethanol (50 cm 3 ) was treated with aqueous NaOH (20 %, 5 cm 3 ) and the mixture was left for four days at room temperature. The solvent was then evaporated under reduced pressure. The residue was cooled and was triturated with a few drops of dilute hydrochlo-ric acid. The solid that separated was filtered off and crystallized from hexane. The structures of compounds IIIa and IIIb were inferred from their following IR and 1 H-NMR spectra.
The IR spectra of compounds IIIa and IIIb exhibited absorptions in the regions 1115-1130 cm -1 (unsubstituted ferrocene rings), 1670-1680 cm -1 (n C=O ), and 2200-2215 cm -1 (n C=N ). Sintetizovane su tri serije diacilferocena (I), feroceniliden acetofenona (II) i monoalkil ferocena (III) i prou~eni wihovi elektronski spektri u vidqivoj oblasti. Talasni bojevi apsorpcionih traka jediwewa (II) su u dobroj korelaciji sa Hammett-ovim konstantama s. 
